Abstract -The discussion of a philosophy of engineering and/or engineering education has encouraged the community to try and bring some coherence to the field. This select and annotated bibliography is one resource intended to enhance and continue the conversation. In conjunction with a preparatory review, this bibliography introduces the 2011 FIE special workshop on the subject of exploring the philosophies of engineering and engineering education. This work extends what has been done during the 2007, 2008, and 2009 FIE conferences. Focus is brought to bare on research and theoretical readings that discuss a philosophy of engineering education; the engineering identity crisis; differentiating engineering, science, and technology; engineering science verse engineering design, engineering epistemology, philosophy and practice of the engineering curriculum; philosophy in the engineering curriculum; engineering ethics; and engineering culture. Each of the focus areas is introduced with a list of annotated references that present current ideas, beliefs and findings related to these areas.
INTRODUCTION
Before a philosophy of engineering education can be developed a philosophy of engineering would have to be established. One attempt has been made to do this (Bucciarelli) and other attempts have been made to explore philosophy in engineering and engineering in context (Christensen) . Those concerned with the promotion of a philosophy of engineering have to face three hurdles at the root of the current identity crisis in engineering education. First, they have to establish that engineering is not just the application of science, and therefore, a branch of the philosophy of science. A subordinate question is whether or not engineering is in addition an art and/or a craft. Second, they have to establish that engineering is something different to technology and, is not, therefore a branch of the philosophy of technology. Much has been written on this topic and, as in everyday life, may find the switches in terminology -from technology to engineering and back again -quite confusing. There is no escape from this debate because the public tends to use and respond to the terms technology and technologists rather than engineering and engineers. The Institution of Electrical Engineers has changed its name to the Institute of Engineering and Technology for just this reason. Third, especially in respect to a philosophy of engineering education, the conflict between engineering science and engineering design where, in education, science has higher status than design, must be resolved. Illumination of these issues will be found in answers to questions about what engineers know and have to know and who they are. There is an ever-growing literature on these topics, which we present in this annotated bibliography.
Disclaimer: Our exhaustive literature search included references to books, journals, and conference proceedings up to 2010. We recognize that this document has likely omitted some appropriate references and apologize to any authors whose literature we may have neglected.
BACKGROUND

This annotated bibliography was created as a resource for the 2011 Frontiers in Education Workshop on "Philosophy and Engineering Education" sponsored by the Educational Research Methods (ERM) Division of the American Society for Engineering Education (ASEE), the Institute of Electrical and Electronics Engineers (IEEE) Education
Society, and the National Science Foundation (NSF). The goal of the workshop and this resource is to begin a formal conversation about the philosophical meaning of engineering and engineering education that culminates in the creation of a community based on these topics and the work of those from years past.
After the Frontiers in Education Conference (FIE) in 2006, three of us (John Heywood, Roy McGrann, and Karl Smith) who regularly contributed to the conference and who were members of ERM came to the conclusion that philosophy was a neglected sphere of interest in the thinking of engineering educators. We came to this view from different perspectives and recognized that our differences would stimulate a healthy debate. Each of us had had some formal exposure to the philosophy of education and although we each had different perspectives, we thought that the philosophy of education had important contributions to make to educational policy making and student learning. Accordingly we proposed that a special session should be run at FIE 2007 that would seek to answer such questions as:  Is a philosophy of engineering education distinct from a philosophy of education? . Numerous people attended these sessions. They were a heterogeneous group of engineering educators comprising persons from the engineering, humanities, and social sciences.
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While there was a small core that showed considerable interest in the topic and who might have been interested in founding a group, the FIE Conference was not organized to respond to such needs. To maintain a "philosophical activity" at FIE would require more ad hoc effort to run special discussions and paper sessions. The group was determined to work toward an activity that would lead to publications, so that the work that it had done could be more widely disseminated. It, therefore, made successful applications to ERM and the IEEE Educational Society to sponsor an invitation workshop at FIE 2010. The proposal was modeled after the successful Forum on Engineering Education Leadership (FEEL) seminar that had been sponsored by ERM immediately prior to the 2002 ASEE Annual Conference. However, while the societies agreed to sponsor the event it was not possible to launch within the given timeframe. It was also suggested that a request be made to the NSF to join the list of sponsors. The award of a grant from NSF has caused the group to re-think the organization of the workshop to be held at the 2011 FIE Conference and to develop the philosophical framework on which original application was based. It is accepted that a key outcome of the workshop should be the development of a community that will continue this philosophical discussion of engineering education.
Coincidentally, a workshop on philosophy and engineering was held shortly after FIE 2007 at the University of Delft in the Netherlands. The workshop titled "Engineering meets Philosophy", grew out of a discussion between engineers and philosophers at MIT in 2006 and was triggered by workshops and seminars stimulated by the National Academy for Engineering in the US and the Royal Academy for Engineering in the UK. In parallel with that development a group of engineers and philosophers in Europe produced a textbook in the philosophy of science for engineers that they called Philosophy in Engineering. The workshop was organized around three parallel themes. The organizers called them demes and included philosophy, ethics, and engineering reflection. Although there was no specific deme for engineering education some of the papers were directly related to the problems experienced by students in learning engineering. The aim of the workshop was to examine the possibility of developing a philosophy of engineering. The organizers held a second workshop at the Royal Academy of Engineering in 2008, and an additional one-day meeting in Golden, Colorado in 2010. There is an intention to hold another meeting in 2012.
In contrast to those who attended the sessions at FIE, the group that were convened at these workshops were philosophers and engineers with considerable reputations. However, it is not clear that their work which finds its organizing structure elsewhere is well known among engineering educators apart from those who are members of the ASEE divisions for Ethics, Liberal Education, Technological Literacy, and ERM. The organizers noted that the "philosophy of technology" is a new discipline that is still maturing. But that it had its own society -Society for Philosophy and Technology -and its own journal -Techné.
Taken together these activities and associations promote several questions:  Given that this "group" exists, if it were possible for it to include the theme of philosophy and engineering education in its future workshops, would that meet the need for continuing the work started by the members of our group?  If not, does the Society for Philosophy and Technology meet the needs of those who are interested?  Perhaps the more pressing question is whether or not a philosophy of technology is the same thing as a philosophy of engineering or embraces a philosophy of engineering as some authorities would suggest? Answers to these questions cannot be resolved without some consideration of the target "audience". The groups have never had a comprehensive discussion as to who it was they wanted the participants to be, but they certainly discussed this matter from time to time. It is clear from their contributions that their focus was engineering educators in the broadest sense of the term. That is persons involved in policy making, educators at the front line of teaching both engineering subjects, and those responsible for the liberal arts dimension of engineering education. Their papers showed a desire to show how philosophy can contribute to policy making at both the national and local levels of designing and evaluating curriculum; how can the skills of philosophical reasoning be acquired by engineering students to enhance their learning; and how can the study of philosophy contribute to personal development as well as development as an engineer. These are the questions it is hoped this workshop will answer. Engineering and philosophy share breadth, abstractness and a reflexive attitude. The uses of philosophy for engineering are most obvious in ethical issues, but ontological analysis is a potential source of mutual help and insight. Ontology is the maximally abstract, go-anywhere theory of everything. It aims at a categorical framework for any subject matter. Though philosophers trade in its internal disputes, away from the specialist journals ontology can provide relatively neutral analyses of concepts and objects fundamental to engineering: part/whole, structure, function, life-cycle, emergence, process and product, needs and requirements, success and failure, design and planning. Negatively, this can prevent conceptual foulups, whether informal or as enshrined in IT models. Positively, it can enhance conceptual transparency and inform tools for managing complexity. (a) Design is to be understood as it is used in the British Design and Technology school curriculum (e.g. as it might be taught at the Royal College of Art). Nevertheless, the general thesis is applicable to engineering within the particular constraints that it operates. (b) The paper asks "What is the role of skills and values in the design decision making process?" (c) Beginning with Ryle"s distinction between "knowing that" and "knowing how" it is argued that "knowing that" in design decision making is not easily distinguishable from other forms of knowledge and information. (d) While "knowing that" may be insufficient because one does not know the product only of it. "Knowing how" is derived from personal experience and "skill". However, the distinction between "skill" and "know how" is unresolved.
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 Polyani, M (1962). How does the daily work of engineering educators enable these ideas to be put into practice? (c) A qualitative study on interviews with 10 faculty members at one university is reported. (d) Definitions of engineering were reported and categorized within three narrativesengineering as applied science and math: engineering as problem solving, and engineering as making things. (e) These narratives are important because they are passed on to undergraduates. Therefore, in the future researchers need to establish how students interpret these narratives. (f) They need to be tested in other institutions because they put "engineering at odds with recommendations from the NAE report". 
